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Abstract 
 
Although the energy codes or construction standards were considerably improved in the last decades, there are continuous reports 
on mold growth problems in buildings. Numerical prediction can be useful in assessing the risk of mold growth in new 
constructions and retrofit applications. Two well-known models exist and are widely used: the VTT model and the 
biohygrothermal IBP model. While the VTT model is an experimentally validated empirical model based on visual findings of 
mold growth, the biohygrothermal method models the growth of a mold hyphen in mm as a function of the transient ambient 
conditions. Since a hyphen is not visible to the naked eye it is not evident at what length the growth will become a nuisance. The 
VTT model uses a very clear six-step evaluation: the so-called mold index describing the intensity of growth on the surface. By 
comparing the results of the biohygrothermal and the VTT model it is possible to use the clear and acknowledged rating measure 
of the mold index also for the IBP model. For this purpose, a conversion function has been developed allowing  the 
transformation of the calculated hyphen growth, in mm, into the mold index with a high level of correspondence. In collaboration 
of VTT and IBP a new postprocessor for the VTT model was developed which can be used to assess both: Results from 
hygrothermal numerical simulations or measured data. A classification employing a traffic light indicator helps to interpret the 
mold growth risk: green means no risk, red is not acceptable, while the yellow range indicates a possible risk and requires a 
specific evaluation. 
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1. Introduction 
 
Numerous damage cases in residential and non-residential buildings can be directly or indirectly attributed to the 
impact of moisture. Renovation measures should be aimed to improve the energetic performance. This may result in 
the reduction of already existing moisture problems - but will probably also generate new ones, like for example 
mold growth caused by high relative humidity (RH) values. In case of mold damages often the question arises 
whether the building design and construction is to blame, or the incorrect occupant behavior, in the sense of 
insufficient ventilation or excessive moisture production. To clarify these questions, measurements as  well as 
modern hygrothermal calculation methods are applied to provide information on the existing transient moisture 
conditions and the risk of mold growth. Two well-known models exist and are widely used for this purpose: the 
VTT/Viitanen model [1] and the biohygrothermal IBP model [2]. While the VTT model is an experimentally 
validated empirical model based on visual findings of mold growth, the biohygrothermal method models the growth 
of a mold hyphen in mm as a function of the transient ambient conditions. Since a hyphen is not visible to the naked 
eye it is not evident at what length the growth will become a nuisance. The VTT model uses a very clear six-step 
evaluation: the so-called mold index describing the intensity of growth on the surface in percentage. 
However, for the user it is not always evident to decide whether the risk outcome of one of the models shall be 
accepted for the specific case or not. To improve the risk evaluation in a first step a conversion function has been 
developed, allowing the transformation of the calculated hyphen growth, in mm, into the mold index with a high 
level of correspondence. In a second step an additional classification in the style of a traffic light is proposed which 
helps to further interpret the mold growth risk: green means no risk, red is not acceptable, while the yellow range 
indicates a possible risk and requires a specific evaluation. 
 
2. Description of the Mold Growth Models 
 
2.1. The VTT Model 
 
The basic version of the mould growth model on mould index was based on large laboratory studies with pine 
sapwood [1]. The mold growth intensities were determined at the constant conditions using mould indexes (Table 
1). Based on the studies under varied and fluctuated humidity conditions the mould growth model (equation 1) was 
presented by Hukka and Viitanen [4] in 1999: 
 
dM   1 dt 7 exp(0.68ln T 13.9 ln RH 0.14W 0.33SQ 66.02) k1k2 (1) 
Where the factor k1 represents the intensity coefficient that depends on mould growth level and the factor k2 
represents the moderation of the growth intensity when the mould index (M) level approaches the maximum peak 
value. The coefficients k1 and k2 are used to scale the basic mould model equation for different building materials. 
The mould growth model has been developed at VTT (Technical Research Centre of Finland) and the solution of 
the mould growth of different building materials is based on the growth model developed for timber [5, 6]. Material 
classification is used to categorize materials according to their mould growth sensitivity [6]. Only the growth factors 
and minimum relative humidity requirements vary according to material classification. 
 
Table 1. Mould Index for Experiments and Modeling 
Index Description of the growth rate 
0 No growth 
1 Small amounts of mould on surface (microscope), initial stages of local growth 
2 Several local mould growth colonies on surface (microscope) 
3 Visual findings of mould on surface, < 10 % coverage, or < 50 % coverage of mould (microscope) 
4 Visual findings of mould on surface, 10 - 50 % coverage, or >50 % coverage of mould  (microscope) 
5 Plenty of growth on surface, > 50 % coverage (visual) 
6 Heavy and tight growth, coverage about 100 % 
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Now the mould growth of typical building materials can be simulated (Table 2): Spruce board, concrete, aerated 
concrete, cellular concrete, polyurethane thermal insulation (with paper or polished surfaces), glass wool, polyester 
wool and expanded polystyrene (EPS). Factors W (0 = pine and 1 = spruce) and SQ (surface quality, 0 for sawn and 
1 for kiln dried) are used only for timber materials. For other materials W = SQ = 0 are used. 
 
Table 2. Mould growth sensitivity classes and some corresponding materials [7]. 
 
Sensitivity class Materials 
Very sensitive Pine sapwood 
Sensitive Glued wooden boards, PUR with paper surface, spruce, 
Medium resistant Concrete, aerated and cellular concrete, glass wool, polyester wool 
Resistant PUR polished surface 
 
 
 
Fig. 1. Examples on the development of mould index in constant humidity conditions at 5 °C (a) and 30 °C (b) and in fluctuated humidity 
conditions (c) for pine sapwood according to the model. 
 
Detailed description of the model can be found in [4], [5] and [6]. Numerical simulation is typically carried out 
using one hour time steps (climate data intervals). 
 
2.2. Biohygrothermal Model WUFI®-Bio 
 
The assessment of the risk of mold growth on building surfaces and internal building components is of special 
importance for building practice. Since temperature and moisture conditions are essential influencing factors of 
mold growth, knowledge of transient hygrothermal conditions may provide information on spore germination and 
mycelium growth of mold fungi. Isopleth systems describe the dependence of spore germination or mycelium 
growth on the surface temperature and humidity. Isopleth systems (limiting curve LIM) for 4 groups of substrates 
that could be derived from experimental examinations were suggested. They are: 
Substrate group 0: Optimal culture medium; 
Substrate group I: biodegradable building materials; 
Substrate group II: building materials containing some biodegradable compounds 
Substrate group III: non-biodegradable building materials without nutrients. 
 
Fig. 2 shows the generalized isopleth systems for these substrate groups for germination and mycelium growth 
valid for all relevant species of mold fungus occurring in constructions. For Substrate group III no Isopleth system 
was given since it is assumed that formation of mold fungi is not possible without soiling of the surface. In case of 
considerable soiling, substrate group I always has to be assumed. Building materials with high open porosity like 
brick or stucco mostly belong to substrate group II. 
In all available isopleths systems the mycelial growth is given in mm/d, which is chosen therefore as the unit 
used in the biohygrothermal model. For the beginning of the growth this may be a reasonable unit, describing the 
increase of the length of on mycel. But with an ongoing growth you get a meshwork of mycels differing in area and 
thickness. The calculated mycelial growth which can reach values of several hundred mm is valuable for the 
comparative assessment of the risk of mold growth, but it isn’t really imaginable. 
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By Sedlbauer [2] a biohygrothermal model was developed to describe the mode of action for the fundamental 
means of influence on the germination of spores, i.e. the humidity available at certain temperatures in a correct way 
from the physical point of view. This model allows the calculation of the moisture content in a spore in dependence 
of transient boundary conditions, i.e. it is also possible to consider intermediate drying of the fungus spores. If the 
specific water content (critical water content) is achieved inside the spore, germination can be regarded  as 
completed and mold growth will begin. This critical water content is derived from the LIM-curves of the isopleth 
systems for spore germination. This critical water content is strongly dependent on temperature and the moisture 
retention curve of the model spore. Therefore the input data of this biohygrothermal model are temperature und 
relative humidity on the surface which may be a result of measurements or of hygrothermal calculations, and the 
substrate group to which the material belongs. Further detailed information on this model and examples of its 
application can be found in Sedlbauer [3]. 
 
 
Fig. 2: Generalized isopleths systems (Sedlbauer [2]) for spore germination (top) or mycelium growth (bottom). The diagrams present 
on the left the conditions on an optimal substrate, in the middle on substrate group I and on the right on substrate group II. 
 
2.3. Basic Differences of the two Models 
 
The two models are rather different. The VTT model is an empirical model based on laboratory investigations 
allowing a differentiation between two different wood types or a mineral based substrate. The transient 
biohygrothermal model is a theoretical model and allows the selection between various substrate groups which can 
also be extended by specific measured material substrate groups. Growth calculated under unfavorable conditions 
can be retrogressive in case of the Viitanen model in contrast to the biohygrothermal model which simply shows 
zero growth in these periods. Even at temperatures below 0 °C the biohygrothermal model shows a slight growth in 
contrast to the Viitanen model. The most essential difference, however, is that the Viitanen model limits the 
predicted mold growth rate to a climate specific maximum value, while the biohygrothermal model allows 
continuous growth as long as there are suitable boundary conditions. 
 
3. Transformation of Calculated Growth in mm into the Mold Index 
 
The development of the VTT-model was based on various laboratory experiments. The boundary conditions of 
these experiments were not documented in a way which allows a direct evaluation by biohygrothermal model. 
Therefore, the transfer was based on numerous hygrothermal calculations to derive the surface conditions for both 
models. The simulations were performed using the one-dimensional hygrothermal simulation tool, WUFI®-Pro, 
developed by the Fraunhofer-Institut für Bauphysik (IBP). The simulation tool has been validated in many 
applications (for example [7], [8], [9] and [10]). The parameters chosen for investigation were location (exterior 
climate), construction type, indoor climate and thus the moisture load. 32 locations with very cold winters, high 
driving rain loads, continental and Mediterranean climates were considered. The indoor climate conditions were 
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derived from the outdoor climate conditions according to EN 15026 or ASHRAE Standard 160 varying 14 cases 
concerning moisture load and temperature level. Concerning insulation level U-values from 0.3 to 1.9 W/(m²K) 
were used – representing walls with new and poor insulation standard of both monolithic and lightweight 
constructions including thermal bridges. The variations result in approx. 350 simulations. 
 
The evaluation of results was performed by comparing the respective maximum values of mold index and growth 
in mm during a simulation period of one year starting once in winter, once in summer. A particular point in time for 
the evaluation was avoided, since both methods show different intensities of mold growth under particular climate 
boundary conditions and at different times. Fig. 3 (a) shows the results of both models for all investigated cases. The 
red line represents a polynomial regression fit to the data. 
 
 
Fig. 3: Comparison of the results calculated by both models for the different variations over a period of one year. 
(a) direct comparison of the results (green points) with polynomial fit of the data (red curve). 
(b) slightly adapted comparison with fitting by BET-function 
 
This method already presents an acceptable result. However, there is a large scope of variations for growth in mm 
around mold index 6 and at lower mold index some overestimations but almost no underestimations occur. Whereas 
the VTT model shows a maximum value (MI 6), the biohygrothermal model can generate extremely high values 
under favorable growth conditions. Overestimation by the biohygrothermal model also occurs at lower mold indices 
when mold growth is reduced during periods of unfavorable boundary conditions by the Viitanen model, which 
cannot occur in the current biohygrothermal model. Consequently, two modifications were carried out: If MI 6 is 
reached in the Viitanen model the calculation will only be carried out up to this point of time in the biohygrothermal 
model. Moreover, in all variations where reductions in growth occur according to the VTT model, the results were 
corrected by the sum of reductions. The new results of both models are shown in Fig. 3 (b). An even better 
correlation in the lower range resulted. Because of the shape of the dependency between mold growth and Mold 
Index, which looks like a typical sorption isotherm, a BET adsorption curve according to [11] was chosen as 
regression curve. The function (red line) corresponds well with the results over the total range thus representing an 
appropriate transfer function. 
 
4. Traffic light classification 
 
The transfer function allows to compare the mold growth risk prediction of the two models and an expression in 
the clearer six step scale of the Mold Index. In addition a traffic light classification for the risk evaluation according 
to the experience of both VTT and IBP is proposed for interior surfaces and surfaces without direct contact to the 
indoor spaces: 
1. Interior spaces: Up to a Mold Index of 1 there is only a negligible risk of invisible starting mold growth, which 
always can be found in normally operated buildings for example on plants, fruit, decorative items etc. - the traffic 
light remains green! For interior surfaces or areas in contact with the interior air, the MI range from 1 to 2 represents 
a risk of growth still invisible to the naked eye. That means the user has to decide in the specific case what he is 
prepared to accept – yellow traffic light! Above MI 2 the mold growth approaches the visible range and starts to 
present a risk for the indoor air quality - this should normally not be accepted: red traffic light. 
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2. For interfaces and surfaces which are not in direct contact with the interior air – for example the interior 
surface of a ventilated façade - the whole range can be slightly expanded by shifting the limits by one MI index 
point. Green light is up to MI 2 and yellow light up to MI 3. Values above 3 are not acceptable – red light. 
3. For positions where a regular contact with the user can be excluded, no evaluation is required. As mold growth 
normally does not damage the materials the growth in such cases is not harmful for the Assembly. 
 
For a realistic prediction the following limitations and exceptions should be considered: The prerequisite for mold 
growth is the presence of spores and nutrients, deposited either during construction or by air flow during operation. 
Due to this reason mold growth conditions are more limited in air tightly closed assemblies and inside homogenous 
material layers (except those with a coarse and open pore structure or providing nutrients themselves). On concrete, 
renders or cementitious materials, the alkaline conditions prohibit mold formation on the new surfaces, and 
numerically predicted high MI values are not valid at least during the initial dry out process. On exposed exterior 
surfaces UV radiation, frost and rain water are lethal for many species considered in the two models – therefore an 
evaluation of these surfaces is not yet validated. 
 
5. Summary 
 
Mould growth on building components should be avoided already during the design process. Hygrothermal 
simulations allow a reliable prediction of temperature and humidity conditions in and on building assemblies. Based 
on the hygrothermal conditions the two well-known models by VTT and IBP allow a mold growth risk prediction as 
mycelium growth in mm or as Mold Index. Both models are now available as free software tools and allow to 
evaluate results of hygrothermal simulations or measured data. A transformation function was developed allowing 
the transfer of the calculated growth in mm into the mold index. Thereby the results of both models became 
comparable and a common evaluation is now possible. 
 
In consequence a new traffic light classification is proposed for both models which simplifies the risk evaluation 
for the user: green means no risk of relevant mold growth up to a Mold Index of 1, red represents an unacceptable 
risk level above MI of 2 or 3 depending on the position within the assembly, while the yellow range indicates a 
possible risk and requires a specific evaluation by the user. 
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